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1INTRODUCTION
The Indian Himalayan Region (IHR) is facing many challenges in terms of coping with the adverse effects of 
climate change. The region is sensitive to changes in the climate, from both physical and societal 
perspectives. Changes such as decrease in snow cover, rise in snowline altitude and retreat of glaciers are 
likely to have severe impacts on natural resources in downstream areas. This, in turn, will have serious 
consequences for mountain communities and their livelihoods, which are largely dependent on these 
natural resources. Against this background, interdisciplinary approaches and robust methodologies are 
required to assess the impacts, vulnerabilities and risks associated with climate change in IHR. An improved 
knowledge base on these aspects can enable evidence-based adaptation planning in the region.
Climate risk assessments help in identifying areas that have been, or can be, most affected by the adverse 
impacts of climate change. Identification of such climate hotspots, serves as an input for adaptation 
planning at local, national or regional scales. Earlier studies on climate change impacts had focussed on 
assessing vulnerability (IPCC, 2007). Over recent years, there has been a shift in the conceptualization of 
vulnerability with emergence of ‘climate risk’ as a central concept (IPCC, 2012). However, only a few studies 
have used these latest concepts for climate risk assessments. As a result, clarity is still lacking on whether a 
particular community is vulnerable, at risk, or both. In addition, there is still no clarity on how to measure 
these concepts.
This science brief reviews key terminologies related to climate risk assessment, and provides general 
guidance on the application of a systematic climate risk assessment framework in IHR. It draws on the 
experiences gained from a pilot study conducted under the Indian Himalayas Climate Adaptation 
Programme (IHCAP), a project of the Swiss Agency for Development and Cooperation in Kullu district, 
Himachal Pradesh (HP) on integrated assessment of climate vulnerability, hazards and risk (IHCAP, 2016).  
Establishing baseline data for atmosphere, cryosphere and hydrometeorology was an integral component 
of this pilot study. The vulnerability, hazards and risk assessment for Kullu focussed on key sectors such as 
biodiversity, natural ecosystems, agriculture-horticulture and extreme events such as floods, glacial lake 
outburst floods (GLOFs) and landslides. The framework used in the Kullu study and presented in this 
science brief can be outscaled to other districts and states to provide scientific basis for identifying, 
planning and implementing evidence-based adaptation measures across IHR.
Within the conceptualization of climate change-related risk, vulnerability is clearly linked to the intrinsic 
conditions of a society or system, while the changes in the climate system contribute to hazards and trends 
(Figure 2). Vulnerable systems may or may not face climate change risk depending on their exposure to 
hazards. For example, weak infrastructure in areas exposed to floods faces higher risk of getting affected by 
floods. The differentiation between the basic concepts of risk, hazard, vulnerability and exposure provides a 
sound basis for the development of adaptation strategies that need to consider both the changes in 
frequency or magnitude of hazards due to climate change as well as societal dynamics that shape the 
exposure and vulnerability of people and social-ecological systems.
Since the concept of ‘climate risk’ has only recently emerged, there is limited understanding about how it 
should be used to carry out a risk assessment. This is a crucial gap because decisions about adaptation 
priorities and planning must be based on a comprehensive risk assessment. In other words, a risk 
assessment must consider the three core components of hazard, vulnerability and exposure (Figure 3). There 
is no “cooking recipe” or a single approach to this assessment because climate-related risks are 
wide-ranging, and approaches must be tailored to specific local conditions. However, the use of a common 
risk assessment framework (Figure 3) enables comparison of results across different districts or states, 
providing a sound basis for adaptation planning. This brief describes the key steps (steps 1-4) and 
information required for carrying out a climate risk assessment, taking the example of a GLOF risk 
assessment done for HP, India (Allen et al., 2016).
THE INTEGRATED
CONCEPT OF
CLIMATE RISK
Risk is often represented as probability of occurrence of 
hazardous events or trends multiplied by the impacts if these 
events or trends occur. Risk results from the interaction of 
vulnerability, exposure and hazard (IPCC, 2014). For example, 
as illustrated in Figure 1, risk of flood-related impacts may 
result from a flood event (hazard) affecting infrastructure and 
people in flood plains (exposure) where the community is 
marginalized or response strategies are lacking (vulnerability). 
These three components are governed by changes in climate 
system as well as socio-economic processes.
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Figure 1
Schematic overview of the core components of hazard, 
exposure and vulnerability coming together to create risk.
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Figure 2 Framework showing the linkage between the core concepts of risk, vulnerability, hazard and exposure (Source: IPCC, 2014). 
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Hazard includes both the slow onset events (e.g., increase in mean 
temperature or decrease in rainfall leading to impacts such as species 
extinction, vegetation change or groundwater shortages) and the fast 
onset events (e.g., floods including GLOF, heatwaves or landslides). 
These events may cause loss of life, injury, or other health impacts, as 
well as damage and loss to infrastructure, livelihoods and ecosystems.
Defining and quantifying a hazard is the starting point for the 
assessment process, as it determines what it is that communities or 
systems are exposed and vulnerable to. Hazards from sudden onset 
events are defined on the basis of the intensity (also referred to as 
magnitude) and probability of occurrence (also referred to as frequency). 
Using this information, land area to be assessed is classified according 
to an assigned hazard level (ranging from low through medium to 
high). For example, GLOFs are sudden onset events which occur when 
there is a sudden discharge of a water reservoir that has formed near a 
glacier. A GLOF hazard assessment conducted for the entire state of HP 
helped in understanding the frequency and magnitude of the threat 
across the state, with the overall GLOF hazard for each tehsil categorized 
as low, medium or high (Allen et al., 2016). Once the current hazard 
situation was mapped, an assessment of how future changes in 
physical systems will influence the potential occurrence of GLOF was 
done. From a climate change perspective, this means using future 
model projections to determine how factors which contribute to or 
trigger GLOF events will change in the future.
Hazard is defined as the potential 
occurrence of a natural or 
human-induced physical event or 
trend or physical impact that may 
cause loss of life, injury, or other 
health impacts, as well as damage 
and loss to property, infrastructure, 
livelihoods, service provision, 
ecosystems environmental resources 
(IPCC, 2014).
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Table 1: Selected indicators characterizing vulnerability to floods
Vulnerability components representedIndicator (from
Census of India, 2011) 
Population <6 years of age
Population >60 years of age
Literacy rate
Disabled population
Home renters
Derelict houses
Water availability
Medical facilities
Sensitivity, capacity to prepare, respond and recover
Sensitivity, capacity to prepare, respond and recover
Capacity to prepare, respond and recover
Sensitivity, capacity to prepare, respond and recover
Capacity to recover
Sensitivity, capacity to respond and recover
Capacity to prepare and respond
Capacity to prepare and respond
For example, a community living on a floodplain might be exposed to 
flood hazards but may not be vulnerable to floods if there are sufficient 
response strategies implemented, such as houses being built on raised 
platforms, etc. Likewise, a forest or another ecosystem may be exposed to 
a significant change in climate, but may not be vulnerable, depending on 
the species composition. The approach to conduct a vulnerability 
assessment depends primarily on the scale of assessment. While local- 
level assessments involving communities may be done through 
participatory approaches, macro-scale assessments typically involve 
indicator-based spatial mapping. For example, an indicator-based 
approach involving a series of quantifiable indicators from census data 
was used to determine the vulnerability component of the risk 
assessment for GLOFs in HP (Table 1) (Allen et al., 2016).
In this example, indicator values were standardized to a common 
range from 1 (indicating low vulnerability) to 10 (indicating high 
vulnerability), with the final vulnerability index simply calculated as the 
average across all standardized values. Advanced approaches may use 
differential weighting to emphasize more important drivers of 
vulnerability, but generally, such weighting is difficult to justify as it is 
perception based and not recommended for IHR where sufficient 
scientific studies are lacking.
Vulnerability refers to the propensity
or predisposition to be adversely
affected (IPCC, 2014). It is assessed by 
determining the sensitivity of the 
target system with regard to the 
hazard impacts, the capacity of the 
system to cope and adapt. A major 
distinction in the climate risk 
assessment framework from the 
earlier vulnerability assessment 
frameworks (IPCC, 2007) is that the 
exposure component is now 
considered independently of 
vulnerability, i.e., a community or 
system may be exposed to a 
climate-related hazard,
but not vulnerable. 
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Exposure can be assessed based on an inventory of elements located 
within an area in which hazards or adverse effects of climate change 
may be expected to occur. At large scales (state to district level), 
population density can provide an approximate indicator of the level of 
human exposure, while at local scale, assessments must quantify and 
map more precisely the people, infrastructure such as hydroelectric 
plants and assets that can be affected. For example, population density 
was used as an indicator to determine the exposure for GLOF risk 
assessment done for HP (Allen et al., 2016). Exposed elements may also 
refer to agricultural crops, forests and natural ecosystems, protected 
wildlife areas, etc. High resolution satellite or aerial imagery provides an 
important source for mapping such elements, and can keep track of 
land use changes. 
Exposure refers to the presence
of people, livelihoods, species or 
ecosystems, environmental 
functions, services, and resources, 
infrastructure, or economic, social,
or cultural assets in places and 
settings that could be adversely 
affected (IPCC, 2014).  
Flooding due to a cloudburst had claimed nearly 27 lives in Shat
village, which is located dangerously close to Parvati River in Kullu
district, Himachal Pradesh. Fifty-year-old Kamal Chand was the
sarpanch of the village when the incident happened in July 1994.
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Firstly, the three layers of information must be aggregated to a 
common spatial scale. For adaptation planning, information is 
normally required at least for individual districts, and ideally, for blocks, 
tehsils or villages. Secondly, the values for all layers must be 
standardized to a common range (e.g., an index from 1 to 10) or 
categories (e.g., low to high), so that when combined, all three layers 
are equally represented. These steps were followed for GLOF risk 
assessment for HP, where the final risk map was calculated as a 
consequence of physical hazard, intersecting with vulnerable and 
exposed population (Figure 4).
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An integrated risk assessment is 
done based on the underlying 
hazard, vulnerability and exposure 
assessment (steps 1-3). There are 
two primary considerations before 
integrating the hazard, vulnerability 
and exposure components into a 
complete risk assessment. 
Figure 4 GLOF risk calculated for all tehsils in Himachal Pradesh(Source: Allen et al., 2016).
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The GLOF risk assessment for HP under IHCAP is one of the few 
published examples where the climate risk framework (IPCC, 2014) has 
been applied in totality to provide an end-to-end risk assessment. In 
principle, however, the framework should be applicable to provide risk 
assessment for a full range of climate-related threats. Table 2 provides 
an example of the risk components to be considered while doing an 
integrated risk assessment for a slow onset and a sudden onset event. 
APPLICATION
OF RISK
FRAMEWORK
Table 2:  Application of risk assessment for climate change adaptation
Sudden onset event
Example Example
Slow onset event
Climate risk for people and 
livelihoods due to loss of forest 
diversity
Assessment of impact on 
biodiversity due to change in 
climate parameters such as 
temperature and rainfall
Local community-level 
assessments to establish how 
people depend upon and 
utilize forest ecosystems for 
sustaining livelihoods
Assessments of who and 
where are the communities 
most dependent on forest 
ecosystem services
Flood risk for people
and infrastructure
Flood hazard assessment for 
current and future conditions
Assessment of societal
vulnerability based on indicators 
and Census data
Population density and 
assessment of built infrastructure 
(e.g. villages, roads) exposed to 
flood events
Hazard
Vulnerability
Exposure
Components to study Components to study
RECOMMENDATIONS:
In view of the serious challenges being faced by people due to the observed and potential climate change risks in 
IHR, there is a need for fundable adaptation measures to be planned and implemented. Based on the experiences 
in Himachal Pradesh, particularly in Kullu (IHCAP, 2016), it is recommended to adopt a systematic approach to 
climate risk assessment across the Indian Himalayan Region to support evidence-based adaptation planning and 
implementation. Some of the specific recommendations are:
Evidence-based planning and implementation 
of adaptation measures is a pre-requisite for 
building resilience of mountain communities 
and ecosystems in the Indian Himalayan 
Region (IHR). Recognizing the pervasive and 
complex challenge that the communities face 
in IHR, the Swiss Agency for Development and 
Cooperation (SDC) together with the 
Department of Science and Technology (DST), 
Government of India, initiated the Indian 
Himalayas Climate Adaptation Programme 
(IHCAP). Under IHCAP, a pilot study was done 
for Kullu district, Himachal Pradesh in 
coordination with the Department of 
Environment, Science and Technology (DEST), 
Government of Himachal Pradesh, to provide 
an integrated assessment of climate 
vulnerability, hazards and risk for climate 
adaptation planning. This series of Science 
Briefs on specific topics represents the key 
messages drawn from the outcomes of the 
Indo-Swiss scientific studies for Kullu in 
simplified language to inform decision making.  
• Baseline data: The selection and acquisition of common baseline 
data (climate, socio-economic, environmental, etc.) is the most 
important ingredient for an integrated climate vulnerability, 
hazards and risk assessment. There are two key requirements 
regarding common baseline data: 1) an agreed reference time 
window which defines the current (e.g., 1980 – 2010) or the future 
(e.g., 2050 – 2100) conditions, and 2) agreed datasets from common 
sources. This enables the various contributing studies and assessed 
components to be brought together and compared, providing a 
robust scientific basis for climate adaptation and policy 
recommendations. Long-term baseline data for climate and 
hazards can be particularly useful to understand long-term trends 
and patterns and assess future threats.
• Integrated risk assessment: A robust assessment encompassing 
all three core components of hazard, vulnerability and exposure is 
required to provide the necessary evidence to support adaptation 
planning. The use of an integrated framework provides for 
assessments which combine concepts and approaches from both 
climate change adaptation and disaster risk reduction, and 
contributes to efficient planning for development.
• Consultations to translate scientific assessment to adaptation: 
Addressing climate change and reducing vulnerability to climate 
change in IHR requires a multi-stakeholder approach involving 
policymakers, planners, scientists/researchers and practitioners. It is 
essential to connect the scientific assessments with the 
perceptions of local communities and with the priorities of the 
government departments. This can be achieved through extensive 
consultations with local communities and the government 
departments which will enable translation of the findings of the 
scientific assessment into evidence-based adaptation planning and 
implementation. 
• Evidence-based planning and implementation: There is a need 
for evidence-based planning and implementation of adaptation 
strategies to ensure their sustainability in the long term. 
Evidence-based planning strives for the implementation of sound 
adaptation strategies that address both the environmental and 
societal drivers of climate risk. It also helps in identifying the most 
vulnerable sections of the society.
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